Purpose: To describe (1) the clinical profiles and the patterns of use of long-acting injectable (LAI) antipsychotics in patients with schizophrenia at risk of nonadherence with oral antipsychotics, and in those who started treatment with LAI antipsychotics, (2) health care resource utilization and associated costs. Patients and methods: A total of 597 outpatients with schizophrenia at risk of nonadherence, according to the psychiatrist's clinical judgment, were recruited at 59 centers in a noninterventional prospective observational study of 1-year follow-up when their treatment was modified. In a post hoc analysis, the profiles of patients starting LAI or continuing with oral antipsychotics were described, and descriptive analyses of treatments, health resource utilization, and direct costs were performed in those who started an LAI antipsychotic. Results: Therapy modifications involved the antipsychotic medications in 84.8% of patients, mostly because of insufficient efficacy of prior regimen. Ninety-two (15.4%) patients started an LAI antipsychotic at recruitment. Of these, only 13 (14.1%) were prescribed with first-generation antipsychotics. During 1 year, 16.3% of patients who started and 14.9% of patients who did not start an LAI antipsychotic at recruitment relapsed, contrasting with the 20.9% who had been hospitalized only within the prior 6 months. After 1 year, 74.3% of patients who started an LAI antipsychotic continued concomitant treatment with oral antipsychotics. The mean (median) total direct health care cost per patient per month during the study year among the patients starting any LAI antipsychotic at baseline was €1,407 (€897.7). Medication costs (including oral and LAI antipsychotics and concomitant medication) represented almost 44%, whereas nonmedication costs accounted for more than 55% of the mean total direct health care costs. Conclusion: LAI antipsychotics were infrequently prescribed in spite of a psychiatristperceived risk of nonadherence to oral antipsychotics. Mean medication costs were lower than nonmedication costs.
Introduction
Deviation from maintenance antipsychotic therapy remains a recurrent problem in the treatment of schizophrenia, 1 represents a major difficulty in the management of the disease, and jeopardizes the achievement of relevant clinical outcomes. the knowledge base for examining their potential gains over oral antipsychotics remains inconclusive [7] [8] [9] [10] and their use is confined to those patients who have suffered multiple relapses within the context of repeated episodes of nonadherence with antipsychotic medication. 11 Among other factors, the limited availability of secondgeneration LAI formulations 12 and their high purchase costs 13 have been commonly cited as reasons hampering LAI antipsychotic prescription. Currently, when the spectrum of second-generation LAI antipsychotics is growing after years of experience with risperidone as the single novel agent available, updated data on the clinical use of LAI antipsychotics, and the associated health care costs, are welcome.
The present paper reports the results of a naturalistic prospective research done in a cohort of outpatients with schizophrenia whose treatment was modified because of a physician-perceived risk of nonadherence to oral antipsychotic therapy. Although this study put emphasis on evaluating the impact of therapeutic modifications on clinical outcomes in these patients, it also featured the secondary objective of providing comprehensive observational data on how LAI antipsychotics are initiated, what health care resources are utilized, and the total direct health care costs incurred by patients with schizophrenia switched to LAI antipsychotics. This article reports and comments the post hoc analyses and results related to this secondary objective.
Material and methods

Design and patients
This article concerns a post hoc exploratory analysis of the data collected in a 1-year prospective observational study of outpatients with schizophrenia according to the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision criteria who were considered to be at risk of nonadherence to oral antipsychotic medication by their treating psychiatrists. The primary objective was to evaluate the time to relapse in these patients undergoing any modification of their therapy, 14 but this study also aimed to assess how LAI antipsychotics are started and used. The aforementioned post hoc analyses involved the description of the resources utilized and the direct health care costs of patients as a result of therapeutic challenges related to adherence issues after starting treatment with LAI antipsychotics. Results of these analyses are also provided.
Patients were recruited on the basis of a modification of their therapy related to a psychiatrist-perceived risk of nonadherence to oral antipsychotic medications, according to their best clinical judgment. To homogenize their criteria, psychiatrists were asked to identify one or more of the following four features related to nonadherence in each patient: (1) poor insight, defined as a general total score $4 on the Scale to Assess Unawareness of Illness in Mental Disorders (SUMD); 15 (2) a negative attitude toward pharmacotherapy, defined as a score ,0 in the 10-item Drug Attitude Inventory (DAI-10); 16 (3) documented history of nonadherence; or (4) lack of efficacy (documented clinical instability in the prior 6 months) or inadequate tolerability of current treatment. Therapy modifications could be either a dose adjustment; change or addition in antipsychotic pharmacotherapy; any modification in the use of other selected concomitant psychotropic drugs commonly prescribed to patients with schizophrenia (anticholinergic, antidepressant, anxiolytic, hypnotic, and/or mood stabilizing agents); or the initiation, change, or removal of nonpharmacologic therapies (day center attendance, outpatient support services, rehabilitation, psychotherapy, psychoeducation, and others). Among the changes in antipsychotic medication, the start of an LAI formulation was a possibility. Patients already on LAI antipsychotics were excluded from the study, as it focused on how these medications are started and used afterwards. Therapeutic decisions were not altered due to study participation and were taken at the entire discretion of the treating physician and the patient.
Recruitment took place in 59 mental health community centers in Spain from February to May, 2008. To ensure sample representativity, the number of centers was proportional to the updated regional census. All participants provided written informed consent and the study was approved by an ethical review board following applicable laws and regulations in Spain.
Treatment patterns and clinical evaluations
After the initial assessment, patients were evaluated again after approximately 3, 6, and 12 months, coinciding with their routine follow-up visits, and when they relapsed or withdrew from the study. The initial assessment included detailed data about therapy modifications for each of the three components mentioned, including the reasons suggested by treating psychiatrists. Information on several known potential risk factors for nonadherence and relapse was collected during a semistructured interview, including sociodemographic data, and psychiatric familial/personal history and comorbidities (Table 1) . A battery of clinical instruments was also administered. Among others, these included the Premorbid Adjustment Scale, 17 the Clinical Global Impression scale-Severity (CGI-S), 18 the DAI-10, and the SUMD. Total scores below and above 0 in the DAI-10
Use of long-acting antipsychotics and health care resources denoted negative and positive attitudes towards medication, respectively, and patients with a general score $4 on the first three items of the SUMD were considered to have a poor level of insight. At follow-up visits, the investigators updated the information on patients' therapy and again administered the clinical instruments. Relapse was defined as the occurrence, at any time during follow-up, of either (1) worsening of psychiatric symptoms that led to a patient's hospitalization or withdrawal from study, or (2) an increase equal to or greater than 1 point in the CGI-S that resulted in a score $4.
Patients' patterns of antipsychotic prescription were evaluated to identify those who started treatment with an LAI antipsychotic. The aspects of LAI antipsychotic use evaluated included the proportion of patients concurrently treated with any oral antipsychotic, the duration of this concurrent use pattern, and doses and frequencies of treatment with each antipsychotic drug formulated as LAI.
resource utilization and cost
Health care resource utilization was evaluated at each assessment point of the study. Structured abstraction forms were handled to participating psychiatrists to aid in this task.
The information collected included the following three cost components: (1) resources: hospitalizations (psychiatric hospitals and general hospitals), emergency room, psychiatric outpatient consultations, other specialized outpatient consultations, visits to primary care services, skilled nursing facilities; (2) medications: antipsychotics and other psychotropic drugs; and (3) nonpharmacologic therapies: institutional support, assertive community treatment/case management, psychoeducation, psychotherapy, rehabilitation, and management programs for severe mental illness. Nonmedical (informal) direct costs were disregarded. To estimate costs, average unit costs published for Spain, 19 updated to reflect 2010 rates, were used for each of the resources ascertained; drug acquisition costs were assimilated to the weighted average retail price (plus value-added tax) per mg in the indication of schizophrenia and were calculated from the 2010 official registered prices. 20 Another published source was used for the costs of nonpharmacologic therapies, 21 which was supplemented with a Spanish database. 22 
Data analysis
All data were analyzed descriptively and used the observations available at each time point (missing data were not imputed).
This involved the calculation of descriptive statistics (means, medians, standard deviations, interquartile ranges, numbers, and frequencies) for study variables. Patients' baseline characteristics stratified by prescription of LAI antipsychotics were calculated in the whole sample. The doses of each LAI antipsychotic were described throughout the study for patients who started an LAI antipsychotic at baseline. The Kaplan-Meier method was used to describe the time to relapse (in all patients) and the duration of concurrent use of oral antipsychotics with LAI antipsychotics. The Kaplan-Meier method allowed for the estimation of the duration of concurrent use of oral antipsychotics since the start of LAI antipsychotics, regardless of whether it was at baseline or during the study. Utilization of health care resources and mean direct health care cost components were assessed during the study year and expressed as mean and median averaged costs per month per patient for the 92 patients who started an LAI antipsychotic at baseline.
No sample size calculations were made in advance for these analyses. The sample size of the study was calculated at 607 patients, to have sufficient power to analyze the primary objective concerning the time to relapse.
Results
Patient disposition, characteristics, and therapy modifications at baseline
Six hundred and twenty-eight patients were recruited. Thirtyone were not analyzed because of the reasons provided in Figure 1 . The remaining 597 formed the study cohort; 566 patients completed the study. 
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Use of long-acting antipsychotics and health care resources (20.9% within the prior 6 months), poor insight (SUMD total: 6.0, higher scores indicating poorer insight, scoring range: 0-9), and quality of life (EQ-5D mean quality of life: 58.5, higher scores indicating better quality of life, scoring range: 0-100). Some of these characteristics, particularly patients' subjective responses (attitudes) toward medications as measured with the DAI-10, differed between patients who started and did not start an LAI antipsychotic at baseline (Table 1) .
Antipsychotic drugs were modified in 506 patients (84.8%), nonpharmacologic therapies were modified in 190 patients (31.8%), and concomitant psychotropic medications were modified in 92 patients (15.4%). The most common reasons alleged for modifying antipsychotic drugs were lack of efficacy (64.8%), tolerability issues (14.2%), and prior history of nonadherence (13.8%). Nonpharmacologic therapies were modified because of insufficient effectiveness (49.0%), lack of insight (32.1%), and documented nonadherence (11.6%).
effectiveness and relapse
During the study year, the CGI-S scores improved by 0.7 points on average from baseline. In this period, 55 (9.2%) patients were hospitalized and 90 (15.1%) relapsed. The survival distribution function of the time to relapse (Figure 2) shows that relapses occurred at a constant pace throughout follow-up. The estimated cumulative incidence of relapse during 1 year, according to the Kaplan-Meier method was 15.2%. This incidence seemed lower than the proportion of patients who had been hospitalized only in the preceding 6 months (20.9%, Table 1 ). Relapse affected 16.3% of patients who started and 14.9% of patients who did not start an LAI antipsychotic at baseline.
Use of antipsychotics
LAI antipsychotics were started at baseline in 92 out of 597 (15.4%) patients. The chosen agent was risperidone in most cases (79 patients, 85.9%), followed by fluphenazine (6 patients, 6.5%), and zuclopenthixol (7 patients, 7.6%). During the study year, 25 patients started (15 risperidone, 4 fluphenazine, and 6 zuclopenthixol) and seven discontinued LAI antipsychotics (Figure 1) . Only eight out of these 25 patients (32.0%) started the LAI antipsychotic within 1 month after a relapse. Of 31 patients who withdrew prematurely, five were on LAI treatment, giving a total of 105 out of 566 patients (18.6%) on LAI antipsychotics by the study end. Throughout the study, the mean modal dose of LAI risperidone was 50 mg every 2 weeks, and about one quarter of patients received higher doses (Figure 3) . The most common dosing regimens of LAI fluphenazine and zuclopenthixol were 25 mg every 3 weeks and 200 mg every 3 weeks, respectively.
At baseline, 73 out of 92 patients who started an LAI antipsychotic (79.3%) maintained any concomitant oral antipsychotic drug (62 out of 79 patients started on LAI risperidone, four out of six patients started on LAI fluphenazine, and seven out of seven patients started on LAI zuclopenthixol). This proportion was quite similar 1 year after (78 out of 105 patients on LAI antipsychotics, 74.3%). The 1-year Kaplan-Meier estimates of concurrent use of oral antipsychotics were of 69.1% with LAI risperidone, 64.8% with LAI fluphenazine, and 91.7% with LAI zuclopenthixol (Figure 4) . Together with LAI risperidone started at baseline, the oral formulations of risperidone, olanzapine, quetiapine, and aripiprazole (accounting for more than 90% of concurrent oral antipsychotic medication) were given at median doses of 6 mg/day, 20 mg/day, 1200 mg/day, and 15 mg/day, respectively, throughout the study. Risperidone and olanzapine were also the most common oral agents used concomitantly with LAI fluphenazine and LAI zuclopenthixol, although at lower median doses (4 mg/day of risperidone and 10 mg/day of olanzapine).
health resource utilization and direct health care costs Time to relapse in weeks Probability of no relapse 
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Medication costs represented 44.4% of mean total direct health care costs. LAI risperidone acquisition costs represented 39.4% of the mean total direct costs incurred by patients treated with this LAI formulation. Those from LAI fluphenazine or LAI zuclopenthixol accounted for no more than 1.2% of the mean total direct costs, whereas oral supplementation costs accounted for 6.4%, 10.8%, and 33.6% of the mean total direct costs incurred by patients on LAI risperidone, LAI fluphenazine, and LAI zuclopenthixol, respectively.
Nonmedication costs represented 55.6% of mean total direct health care costs. Inpatient (general and psychiatric hospitalizations) and outpatient hospitalizations (including institutional support and day hospital stays) costs represented 38.4% of the mean total direct costs (Table 2, Figure 5 ). Specifically, institutional support and day hospital stays represented a relevant contribution to mean total direct costs: €263.5 (€0) and €208.1 (€0), despite costs being incurred by only 7 and 18 patients, respectively. However, and despite their high unit costs, inpatient hospitalizations did not account for relevant costs because of their low incidence throughout the study year (10 out of 92 patients, 10.9%). Table 2 provides a detailed breakdown of resource utilization data and costs.
Discussion
Patients included in this study showed an unfavorable clinical profile, including factors for bad prognosis that have been consistently associated with nonadherence. Importantly, the intervention made at baseline was associated with improved effectiveness, as denoted by the 9.2% of patients hospitalized during 1-year follow-up, compared with 20.9% of patients who had been hospitalized only within the prior 6 months. 
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Use of long-acting antipsychotics and health care resources Although prestudy relapse incidence was not recorded, it is highly probable, based on the comparison of the preposthospitalization rates, that the relapse incidence during the prior year was well above the 15.1% observed during follow-up. Given the unfavorable profile and the selection procedure, prescription of LAI antipsychotics at baseline (15.4%) was lower than anticipated. More than 9 in 10 of these LAI prescriptions were of risperidone (the only secondgeneration agent commercially available as LAI when the data were collected), oral antipsychotic supplementation was maintained during 1 year in more than two thirds of patients, and the doses of both oral and LAI antipsychotics were close to their maximum-labeled doses and, therefore, associated with relevant costs. The information available on nonpharmacologic therapies, and health care resource utilization, indicates that the nonmedication direct costs of patients who started therapy with LAI antipsychotics in the year after the initial prescription were substantial, representing 55.6% of the mean total direct health care costs. Many of these facts are consistent with the relevant literature and have clinical implications.
The prescription of LAI antipsychotics has been considered too low in many studies investigating their use to date, [11] [12] [13] 23 which is in agreement with the low utilization in this study. Together with the challenging clinical profile of the patients evaluated, these findings support the generalized view among psychiatrists that long-acting antipsychotics should be reserved for a small subgroup of patients and used only after a patient has repeatedly demonstrated difficulty adhering to an oral regimen and has had several relapses. 11, 24, 25 The cited studies also included nonadherent patients and, although they were performed in different cultural settings, the proportion of patients changed to long-acting antipsychotics was also low and similar to the 15.4% observed in this study (10.6% 25 and 17.6% 11 ). In this vein, the high doses of LAI antipsychotics and the extensive use of oral antipsychotic supplementation suggest a restrictive use pattern reserved for the patients hardest to treat. 26 This circumstance might also explain the doses employed; of note, more than one quarter of patients treated with LAI risperidone were above the maximum recommended dose of 50 mg every 2 weeks. 27 Strikingly, the authors observed similar relapse rates in patients receiving LAI antipsychotics than in patients treated with oral antipsychotics. Some explanations can be cited for this somewhat paradoxical finding. For instance, LAI-treated patients could be in a worse condition than non-LAI patients, but they did not relapse more as they benefited from LAI antipsychotics. Alternatively, nonpharmacologic therapies might also have been effective in preventing relapse in some patients on oral antipsychotics. Importantly, whatever the reason, this study shows that even in the most challenging patients, relapse risk reduction is still clinically feasible if the strategies best suited for each individual are used.
The widespread concurrent use of oral supplementation may also have a clinical reading, in particular considering that risperidone was the agent used in nearly all cases, whose delayed onset of action is known to be inconvenient. 28 Because oral supplementation therapy should be maintained for at least 3 weeks after starting long-acting risperidone, 27, 29 and because it was reserved for the most troublesome cases, the treating psychiatrists would refrain from ceasing oral therapy once a few weeks had elapsed since the switching, for fear of clinical destabilization of their more challenging patients, 30 leading to a prolonged polypharmacy. In contrast, a much lower concurrent use of oral antipsychotics with long-acting risperidone has recently been reported after 2 years in the electronic Schizophrenia Treatment Adherence Registry (e-STAR). 31 Possible reasons for this divergence include differences in disease severity, selection criteria, and LAI risperidone dosing. Patients in the e-STAR were not selected on the basis of nonadherence risk; some were receiving LAI risperidone before recruitment, and started and maintained it at lower doses than in the present study. It remains to be elucidated whether prolonged oral antipsychotic supplementation will be less common when other LAI second-generation antipsychotics that do not require an initial overlap with prior oral therapy are available. The prominent use of risperidone over first-generation LAI antipsychotics also supports the opinion that the unavailability of other second-generation LAI antipsychotics plays a role in their low utilization, 32, 33 as psychiatrists tend to prime the potential advantages of second-generation antipsychotics over the benefits of long-acting formulations. 34 Few patients started LAI antipsychotics immediately after a relapse. Consistently, psychiatrists questioned about their attitudes toward long-acting antipsychotics, stated that these are not an appropriate option after a relapse, 13 or for first-episode patients. 12, 13, 26 This study has focused on patients undergoing changes of their therapeutic strategy related to nonadherence risk and it cannot address the relevant question of when is the optimal moment for starting long-acting antipsychotic therapy. There are reports suggesting that patients with experience of long-acting antipsychotics have a good opinion on them, 35 ,36 yet potential biases of patients established on LAI antipsychotics may distort this judgment. 32, 37 Future research should focus on the use of LAI antipsychotics in stable patients with a favorable disease course, as these have been recently suggested as potential candidates in a survey of psychiatrists' opinions. 26 One reason alleged to avoid LAI antipsychotics is that they are associated with high treatment costs. 13 While not opposing this belief, the monthly direct health care cost per patient in this study was substantially higher than the reported average costs of schizophrenia in Spain. 19 However, the 
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Use of long-acting antipsychotics and health care resources present study selected a sample of challenging patients who probably require more resources than the average patient with schizophrenia and, furthermore, we did not account for direct nonmedical costs, which in the cited study represented as much as 47% of total direct costs. Interestingly, such cost analysis was done prior to licensing of LAI risperidone. In an even more recent report, LAI risperidone proved to be a cost-effective strategy despite the higher drug acquisition costs, because of the considerable reduction in hospital stays. 38 Relapse is an important predictor of treatment costs for patients with schizophrenia. In the US Schizophrenia Care and Assessment Program (US-SCAP) study, the total direct health care costs of patients without any relapse were lower, but the costs of patients with multiple relapses more than doubled those reported by us. 39 This research has some limitations. It is based on post hoc analyses and the results should be regarded as exploratory.
Comparisons of the outcomes of oral and long-acting second generation antipsychotics is a research priority 7 but this study cannot provide comparative data as the patients were not randomized to either treatment option. The small number of patients treated with either LAI fluphenazine or LAI zuclopenthixol limits the accuracy of their results, which has precluded a detailed explanation for these patients, compared with that made for patients treated with LAI risperidone. This study did not address some concerns, which in addition to a delayed onset of action, surround the use of long-acting antipsychotics: poor definition of the dose-response relationship, facilities and skills required for their storage and administration, the experience of coercion, the clinical circumstances other than nonadherence and relapse that grant the use of these formulations, or how should the reverse switch (from long-acting to oral) can best be accomplished. Furthermore, this study focused on direct costs and did not therefore collect data on indirect costs, which are substantial in this pathology. 19 Future research should address these uncertainties and explore the role of long-acting antipsychotics for the maintenance of patients with good levels of insight, who are immersed in the recovery process.
Conclusion
This study provides current data on the clinical and economic outcomes of patients with schizophrenia at risk of nonadherence in clinical practice in Spain during the 12 months of the study period. It has shown that diminishing relapse in patients with long-standing schizophrenia involving therapeutic challenges related to nonadherence is feasible. It has also confirmed that long-acting antipsychotics are infrequently used.
Most LAI antipsychotic prescriptions were of risperidone, the only atypical antipsychotic available as an LAI when the study was conducted. According to the observed mean total direct health care costs during the study period, medication costs were lower than nonmedication costs, the latter representing more than 55% of the mean total direct health care costs. 
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